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Summary 
Acoel flatworms can move in a variety of ways such as muscular and ciliary movements via cytoskeletal 
elements and their neural regulations. However, those locomotive mechanisms have not yet been fully 
elucidated. In this study, we examined the distribution of cytoskeletal elements including filamentous actin 
(F-actin) and tubulin, and the neuroanatomical organization in an acoelomorph worm, Praesagittifera 
naikaiensis (P. naikaiensis). Video microscopy revealed the elongation/contraction and the bending/rotation 
processes, and the ciliary gliding movement of P. naikaiensis. Histochemical and morphological analysis 
demonstrated that F-actin networks of inner longitudinal and outer circular muscle fibers were positioned 
along the entire surface of the body, and that the average distance between the circular muscle fibers in the 
contracted organism was decreased in the anterior region compared with that in the elongated organism. 
Electron microscopy showed dense bodies on the muscle cells of P. naikaiensis, which indicates that those 
muscle cells have the appearance of vertebrate smooth muscle cells. Immunohistochemical analysis 
revealed that -tubulin-positive signals on the ciliary microtubules had close contact with the F-actin 
network, and that neurite bundles labelled with anti dSap47 antibody as a neuronal marker run along the 
anterior-posterior body axis. These results indicate that the well-organized cytoskeletal elements and their 
neural control systems are preserved in P. naikaiensis, and that their mechanisms involved in those 
regulation systems are similar to those vertebrate systems. Further studies are needed to clarify the 





始的な多細胞生物である（Bailly et al, 2013; 










要な生物種として注目されている（Cannon et al, 
2016; Rouse et al, 2016）。 




に共生藻を有する（ Jondelius et al., 2011; 








様式は近縁種である Convoluta pulchra（C. 
pulchra）で同様の報告がなされている（Tyler 






























Fig. 1. P. naikaiensis in intertidal sand grains (high 
density, A), and attaching on the wall of an 
experimental glass tank (low density, B). The 
organisms are dark green in color due to the 












試料は 4% paraformaldehyde で固定後，常法
に従い免疫組織化学に供した。一次抗体は抗
tubulin 抗体（clone DM1A, Thermo Fisher），抗
dSap 抗体（DSAP47-1, DSHB），二次抗体は
Alexa 488（A11001, Thermo Fisher）を用いた。
F-actin および核標識のために，Alexa 546 












ガラス水槽に張り付いた P. naikaiensis の生
体の形態計測を行った（Fig. 1B）。楕円に近似
した場合の長軸および短軸の平均長（mean  
SD, mm）（n = 293）はそれぞれ 1.37  0.31 およ














ることが確認された（Fig. 2C, arrows）。 







Fig. 2. Transmission light micrographs of P. 
naikaiensis in viable condition. A whole body 
showing dark-green color due to symbiotic algal 
cells (A). Magnification of rectangular areas with 
solid line (B) and with dashed line (C) in A. st, 
statocyst. cl, ciliary layer. Arrows, protrusions, 
including pigments, extended toward the ciliated 
epidermal cells. Arrowheads, microvilli. 
Fig. 3. Sequential video frames during elongation 
(A) and bending/rotation (B) processes of P. 
naikaiensis. Pickup frames were collected at 0.33 















から収縮時 2.2 m と短くなっていた一方で，
体中央部では F-actin 束どうしの間隔に大きな
変化は認められなかった（Fig. 5）。 
Fig. 4. Distribution of actin filaments in P. 
naikaiensis. Organisms in the elongated (A) and 
contracted (B) conditions. Each panel consists of 
maximum projection images of confocal 
microscopy stack of specimens stained with 
phalloidin (left) and DAPI (right). Note the high 
accumulation of both actin filaments and nuclei in 
the contracted organisms. 
Fig. 5. Muscular organization of P. naikaiensis. 
Organisms in the elongated (A) and contracted (B) 
conditions. Maximum projection images of 
confocal microscopy stack of specimens stained 
with phalloidin. Each panel indicates confocal 
projection images consisting of anterior and middle 
regions (left column), enlarged rectangular areas in 
those projection images showing representative 
single optical sections with gray scale range 
(middle column), and density plot profiles 
generated from those gray images by using NIH 
Image/ImageJ software (right column), 
respectively. Mean value of peak to peak distance 
(m): 4.0 (anterior/elongated), 2.2 
(anterior/contracted), 2.7 (middle/elongated), 2.6 
(middle/contracted). Note the musculature 









Fig. 6. Distribution of microtubules and F-actin in 
the surface region of P. naikaiensis. This panel 
consists of optical sections of confocal microscopy 
(A, B) and the DIC image of the same visual field 
(C). Double-labelling for -tubulin (A) and 
phalloidin (B). Note the -tubulin-positive signals 
on the ciliary microtubules and the underneath 









Fig. 7. Nervous system in the anterior region of P. 
naikaiensis. A maximum projection image of 
confocal microscopy stack of a specimen stained 
with anti-dSap47 antibody. Neurite bundles run 
along the anterior-posterior body axis. Note the 
lateral nerve cords interconnected by commissures. 
dmc, dorsomedial nerve cord. dlc, dorsolateral 












Fig. 8. Muscular organization in P. naikaiensis. 
Tangential sections were made from the dorsal 
surface of an organism. Low magnification image 
showing the musculature consisted of a grid of 
latitudinal and longitudinal crossover (A). Note the 
orderly array of those muscle cells. Enlarged 
rectangular area in A showing smooth-muscle cells 
characterized with dense bodies (B). Asterisks, 
muscle cells. An arrow, the interdigitation between 







Fig. 9. Ciliary and microvillus structures of P. 
naikaiensis. Longitudinal sections of a ciliary base 
with its attached striated rootlet (A) and of a 
microvillus (B). cr, ciliary rootlet. dl, dense layer. 





自然環境下における P. naikaiensis の体長（長
軸），体幅（短軸）の平均値がそれぞれ 1.37，
0.34 mm と計測された。近縁種の S. roscoffensis
は体長 2~5 mm，体幅が 0.35~0.5 mm とされ




毛列が観察された。近縁種の C. pulchra におい
ては繊毛が方向性を感受する機能を持つと考
えられている（Bendini et al., 1973; Pfistermüller 
and Tyler, 2002）。P. naikaiensis の滑走運動・旋
回運動の様式は，C. pulchra のそれと類似して
いた（Tyler and Rieger, 1999）。すなわち P. 




近縁種である S. roscoffensis において報告があ
り，それによると頭部を一部断頭し神経伝達経
路を遮断することによって正の光走性が失わ
れることが確認されている（Sprecher et al., 
2015）。P. naikaiensis においても同様の反応が
認められるかどうか，解析を行う必要がある。 
P. naikaiensis で観察された statocyst は S. 
roscoffensis のそれと類似していた（Bailly et al., 
2014）。無腸動物において statocyst は重力知覚
のための感覚構造であることが示唆されてい






4-2．P. naikaiensis の細胞骨格と神経系の分布 




とがわかった（Semmelr et al, 2008）。無腸動物
の筋繊維の分布様式は種によって異なるとさ
れ ， S. roscoffensis の 筋 繊 維 の 配 向 は
Convolutidae タイプに属している（Hooge, 









る（Tyler and Rieger, 1999）。これらのことから
P. naikaiensis が属する Convolutidae 科において
神経支配による部位特異的な運動制御が示唆
される。
神経系に関しては，S. roscoffensis では左右 3
対の神経索を有し，頭部における感覚受容器官
で外部環境の変化を受容し，神経系を介して行
動を制御しているとされる（Sprecher et al., 




























1997）。Ciliary rootlet は，主に rootletin と呼ば
れるタンパク質によって構成されること，機械
刺激の受容に関与することが示唆されている
（Styczynska-Soczka and Jarman, 2015）。今後，
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